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Correspondence Address: (57) ABSTRACT 
PHILIPS INTELLECTUAL PROPERTY & Display device based on layer break up or layer displace 
STANDARDS ment having at least two different States, in which one of the 
P.O. BOX 3001 fluids (5) e.g. oil in a first State adjoins at least a first Support 
BRIARCLIFF MANOR, NY 10510 (US) plate (3) and in the second state the other fluid (6) at least 

partly adjoins the first Support plate. In one embodiment a 
picture element corresponds to a Substantially closed Space 

(21) Appl. No.: 10/504,708 and in the first state the other fluid layer substantially 
completely adjoins both Support plates and is divided in two 

(22) PCT Filed: Jan. 24, 2003 Sub-layers. This makes it possible on the one hand to use 
lower Voltages to make displacement occur. On the other 

(86) PCT No.: PCT/IB03/00196 hand this opens the opportunity to color displayS. 
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DISPLAY DEVICE 

0001. The invention relates to a display device compris 
ing picture elements having at least one first fluid and a 
Second fluid immiscible with each other within a Space 
between a first Support plate and a Second Support plate, one 
of the fluids being electroconductive or polar, the device 
comprising means for creating at least two different States. 
0002 The invention further relates to a Switchable dif 
fusing device. 
0003 Display devices like TFT-LCDs are used in laptop 
computers and in organizers, but also find an increasingly 
wider application in GSM telephones. Instead of LCDs, for 
example, (polymer) LED display devices are also being 
used. 

0004 Apart from these display effects which are well 
established by now other display techniques are evolving 
like electrophoretic displays, which are Suitable for paper 
white applications. 
0005 The diffusing device may be used in several 
devices Such as cameras. 

0006 The display device according to the invention has 
at least two different states, in which one of the fluids in a 
first State adjoins at least the first Support plate and in the 
Second State the other fluid at least partly adjoins the first 
Support plate. 

0007. The invention is based on a principle discovered by 
the inventors So called layer break up, but on the other hand 
layer displacement may be used. The invention provides 
new ways of using these principles. 

0008 If for instance a (first) fluid is a (colored) oil and the 
Second (the other) fluid is water (due to interfacial tensions) 
a two layer System is provided which comprises a water 
layer on top of the oil layer. However, if a Voltage is applied 
between the two layers the oil layer breaks up due to 
electroStatic forces. Since parts of the water now penetrate 
the oil layer the picture element becomes partly transparent. 
0009. The contrast is limited by the fraction of area 
occupied by the droplets of the (first) fluid ((colored) oil) 
remaining after the break-up. Typically, depending on the 
thickness of the original fluid layer an area of 25-50% is 
realized. This can be decreased further by applying higher 
Voltages, which however would increase the dissipated 
power Significantly. Ideally, one would like the remnant area 
occupied by the fluid, in this case optically absorbing oil, to 
approach 0%. 
0010) A further limitation is that, upon break-up, the area 
fraction is reduced instantly to about 50%. It is therefore 
hard to obtain area fractions close to 100%. As a result 
realizing of analog gray Scales may become difficult. 
0011. In a first embodiment a picture element corre 
sponds to a defined space (e.g. a Substantially closed space) 
and in the Second State the other fluid Substantially com 
pletely adjoins the first Support plate. According to a further 
aspect of the invention this achieved by applying an inho 
mogeneous electric field. In that case the threshold field for 
layer break up (or displacement) will be exceeded only at 
certain specific places. At those places oil-film break up (or 
displacement) will be initiated. An inhomogeneous applied 
electric field can be obtained in Several ways. 
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0012 To this end in a first preferred embodiment of the 
invention the dielectric layer between an electrode and the 
Surface of the part of the first Support plate varies in 
thickness. 

0013 In a further embodiment the dielectric layer 
between an electrode and the Surface of the part of the first 
Support plate has a varying dielectric constant. 

0014. By increasing the electric field the threshold for 
oil-film break up (or displacement) is displaced over the area 
of the Support plate and can be controlled. This makes 
possible the realization of grey levels. 

0015. On the other hand oil-film break up (or displace 
ment) can be controlled by varying the wettability of the part 
of the first support plate or the thickness of the first fluid 
layer. 

0016 Furthermore it is possible to use the stray field 
distribution at the edge of electrodes, or even design a 
Segmented electrode Structure that provides the desired 
inhomogeneous field distribution. 

0017. In a further embodiment according to the invention 
a picture element corresponds to a defined Space and in the 
first state the other fluid layer substantially completely 
adjoins both Support plates. In fact the other fluid layer (the 
oil layer) is now divided in two Sub-layers, which each may 
be thinner. This makes it possible on the one hand to use 
lower Voltages to make oil-film break up (or displacement) 
occur. On the other hand this opens the opportunity to color 
displays and the realizing of a larger variety of gray-Values. 

0018 To this end in a preferential embodiment of the 
invention a picture element corresponds to a defined space 
having a further wall dividing the Space into at least two 
sub-picture elements, in the first state a further other fluid 
layer adjoining the first Support plate at least partly within 
the Sub-picture elements. By giving said (further) other fluid 
layer different colors a color display is obtained. 
0019. To obtain a remnant area occupied by the further 
fluid after break up in the Second State at least one of the 
other fluid layer and the further other fluid layer adjoins a 
wall of the Space. To prevent intermixing of the material of 
both sub-layers adjoining the wall the device preferably 
comprises means to prevent part of the other fluid layer and 
the further other fluid layer to intermix in the second state. 
0020. These and other aspects of the invention are appar 
ent from and will be elucidated with reference to the 
embodiments described hereinafter. 

0021. In the drawings: 
0022 FIG. 1 is a diagrammatic cross-section of a part of 
a display device according to the invention, 

0023 FIG. 2 is another diagrammatic cross-section of a 
part of a display device according to the invention, 

0024 FIG. 3 is a diagrammatic of a part of a display 
device according to the invention 

0025 FIG. 4 is a diagrammatic cross-section of a part of 
a color display device according to the invention, while 

0026 FIGS. 5, 6 and 7 show further embodiments of the 
invention and 
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0.027 FIG. 8 shows another diagrammatic cross-section 
of a part of a display device according to the invention 
0028. The Figures are diagrammatic and not drawn to 
Scale. Corresponding elements are generally denoted by the 
Same reference numerals. 

0029 FIG. 1 shows a diagrammatic cross-section of a 
part of a display device 1 according to the invention. 
Between two transparent Substrates or Support plates 3, 4 a 
first fluid 5 and a second fluid 6 are provided, which are 
immiscible with each other. The first fluid 5 is for instance 
an alkane like hexadecane or as in this example a (silicone) 
oil. The second fluid 6 is electroconductive or polar, for 
instance water or a Salt Solution (e.g. a Solution of KCl in a 
mixture of water and ethyl alcohol). In a first State, when no 
external voltage is applied (FIG. 1a) the fluids 5, 6 adjoin 
the first and Second transparent Support plates 3, 4 of e.g. 
glass or plastic. On the first Support plate 3 a transparent 
electrode 7, for example indium (tin) oxide is provided and 
an intermediate hydrophobic layer 8, in this example an 
amorphous fluoropolymer (AF1600). 
0030 The inventors have found that when a voltage is 
applied (voltage source 9) the layer 5 breaks up into small 
droplets (FIG. 1b, fragmented film). Break-up occurs when 
the electrical energy gain is larger than the Surface energy 
loSS due to the creation of curved Surfaces. As a very 
important aspect it was found that reversible Switching 
between a continuous film and a fragmented film is achieved 
by means of the electrical Switching means (voltage Source 
9). 
0031. This effect can be used for electro-optical effects, 
especially if a colored oil is used a display effect. This is 
achieved with an optically active oil, for example an opaque 
or reflective oil. In other embodiments a fluid with optically 
active particles is used or a dye material is dissolved in the 
oil. The electro-optical effect may either be used in a 
transparent way, by using a back light, as for instance known 
from LCD technology or in a reflective way by using a 
(diffusive) reflector. 
0.032 The droplet size depends on the voltage applied, 
which in principle offers the possibility of introducing 
intermediate transmission (or reflection) States (gray levels). 
However it was also found that, upon break-up, the area 
fraction is reduced practically instantly to about 50%. It is 
therefore hard to obtain area fractions between 50% and 
100%. As a result, arbitrary analog gray Scales in this 
particular range are difficult to be realized. 
0033. On the other hand the contrast is limited by the 
fraction of area occupied by the droplets resulting after the 
break-up. At practical Voltages (in view of driving the 
display with IC drivers) see a minimal area fraction of about 
25% is observed. This can be decreased further by applying 
higher Voltages which, however, would increase the dissi 
pated power Significantly and possibly preclude the use of 
low voltage IC drivers. 
0034) To this end in the embodiment of FIG. 2 the 
intermediate hydrophobic layers 8 have a curved form with 
the Smallest thickneSS in the center, ensuring that the elec 
trical field is highest in the center of a picture element 2. In 
this case the field varies in a radial manner (by the varying 
thickness of the insulator). The threshold field will be first 
exceeded at the center of the pixel, where the insulator has 
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the minimum thickness. Upon increasing the field, the 
position at which the applied field equals the threshold field 
will move outward, hence moving the oil to the side of the 
pixel. The schematic drawing in FIG. 3 shows a cross 
Section of a pixel that is either circularly Symmetric, or has 
a rectangular shape. In the first case the oil will be pushed 
outward in a ring-like shape, Starting from a Single point in 
the center of the pixel. For a rectangular pixel one can 
envisage a insulator shaped like a slice of cylinder So that the 
oil break-up will Start along a line, and the oil is pushed out 
in a curtain-like fashion. 

0035). By introducing this curved form of the layer 8 the 
optically absorbing oil layer 5 is displaced to a position 
inside the pixel, where the optical activity is no longer 
relevant, in this case to the side (or the back) of the pixel. 
Below a particular threshold field Et no break-up occurs, 
whereas at fields higher than Et the oil film will break-up 
into droplets. Break up was found to occur at field Strengths 
of about 3V?um over a wide range of insulator thicknesses 
(0.3-10 um). 
0036). In another example the stray field distribution at the 
edge of electrodes is used, or a special electrode Structure 
(Segmented, perforated) that provides the desired inhomo 
geneous field distribution is used. 
0037 Although in this example oil break up has been 
considered, Similar arguments apply to a device base on fluid 
displacement. On the other hand an inhomogeneous oil layer 
(due to e.g. insufficient volume, thickness variation or con 
tact angles) may initiate the oil displacements (or break up). 
0038. In the case of oil-film break up for thick oil films 
5 the oil film thickneSS is no longer negligible compared to 
the thickness of the insulator 8 and higher Voltages are 
needed to obtain oil film break up. Therefore, this principle 
is limited to the use of thin films (up till about 300 nm). For 
films of such thickness it is difficult to have sufficient optical 
absorption, which yields a reduced optical contrast between 
the on and off state. 

0039. In the case of displacement an inhomogeneous field 
distribution, that effectively gives rise to a varying Surface 
tension across the pixel, is used. Now, the total System can 
lower its energy by moving the oil to the position(s) with the 
lowest Surface energy and one is able to move the oil film out 
of Sight. This principle works at relatively low Voltages for 
thicker oil films as well as thin ones, which relaxes the 
requirements for the optical absorptivity of the oil film. 
Furthermore this principle allows the realizing of gray 
values. 

0040. A further embodiment is shown in FIG. 4 which 
comprises two separate oil layers 5, 5' on either side of the 
fluid (water) 6. 
0041. By either fabricating the pixel walls 13 out of a 
different material than the material of the layers 8, 8' (e.g. 
Teflon like AF 1600) or providing these walls 13 with such 
material 14 with a Sufficiently high Surface energy Such that: 

0042 (S indicates the solid barrier material 14) no oil 
film forms on the barriers or material 14. This means that the 
upper oil film 5' and the lower oil film 5 are in no way 
connected to one another in either the first or the Second 
State. Each layer can now be Switched independently by 
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contacting the water 6 by means of a through-connection 
(electrode 12 in FIG. 4) through the upper (or lower) 
AF1600 layer. In practice this can be done by grounding the 
water 6 by means of electrode 12 and applying a Voltage to 
either electrode 7 or electrode 11. The device further com 
prises a diffuse white reflector 15. The viewing direction is 
indicated in FIG. 4 by the arrows 16. 
0043. Some examples of materials for which the inequal 
ity given above holds are parylene, PMMA (polymethyl 
methacrylate) and glass. 
0044. By giving the layers 5, 5' different colors, e.g. by 
introducing a dye, color displays are realized. This will be 
elucidated in the next examples. 

EXAMPLE 1. 

Three Color Display 

0045. In the embodiment of FIG. 5 the oils 5 have 
different colors by using different dyes to realize a color 
display. In this example three kinds of e.g. oil are used, viz 
a red layer 5R, a green layer 5G and a blue layer 5B, to 
obtain the highest possible brightness for the configuration 
shown in FIG. 5. A single pixel comprises a black absorber 
16 (background) and two Sub-pixels A and B, each having a 
configuration comparable to the one shown in FIG. 4. The 
oil layer 5B on the top in the first state covers half of each 
of the sub-pixels. This can be achieved by locally modifying 
the surface energy of the layer 8' (AF1600). The other fluid, 
in this case water is assumed to be at a fixed voltage, for 
example ground (OV) via electrode 12. 
0046) To obtain a red colored pixel in this configuration 
electrode 17 underneath the red layer of oil 5R should be 
grounded (OV) whereas electrode 18 underneath the green 
layer of oil 5G and electrode 11 above the blue layer of oil 
5B should be activated by applying a voltage V. The green 
and blue layers will break up or move to the side and the 
sub-pixel B above the black absorber 16 becomes transpar 
ent. As a result, the total pixel will appear red, since 
sub-pixel A looks red and sub-pixel B looks black. The 
maximum brightness is limited to 50%. This maximum 
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TABLE 1. 

bright 
voltage voltage voltage voltage CSS 

color electrode 12 electrode 17 electrode 18 electrode 11 (%) 

red O O V V 50 
green O V O V 50 
blue O V V O 50 
white O O O O varying 
black O V V V O 

0048. The white state is obtained by reflecting light of all 
colored layers simultaneously. The color distribution of the 
white State however depends Strongly on the size chosen for 
the blue layer 5B. In the example above, the blue layer 
occupies half of the pixel. As a result, the green and the red 
will contribute 25% to the white, which will seem distorted. 
If the blue layer covers 33% of the total area, the color 
distribution of the white state will look better, albeit with a 
low overall reflectivity of 33%. However, now the blue state 
will reach a maximum brightness of 33% instead of 50%. 
0049. The configuration as shown in FIG. 5 is chosen as 
an example. Other configurations, with red or green on top 
can be used as well. In fact, by choosing the color with the 
highest reflectivity on top, one can reduce the color distor 
tion caused by the different sizes of the area occupied by 
each of the colors and/or account for the eye Sensitivity. 

EXAMPLE 2 

Three Color Plus White Display 
0050. The variation in brightness in the white state aris 
ing in Example 1 can be circumvented by using a white oil. 
A white oil is e.g. obtained by dispersing Scattering particles 
in the oil. 

0051. The configuration shown in FIG. 6 uses such a 
white oil. In a similar way as in Example 1 different colors 
are obtained by providing Voltages to electrodes 17 (under 
neath the red layers of oil 5R), the electrodes 18 (underneath 
the green layers of oil 5G), the electrodes 19 (above the blue 
layer of oil 5B) and the electrodes 20 (above the white layer 
of oil 5W). The result is given in Table 2. 

TABLE 2 

voltage voltage voltage voltage voltage 
color electrode 12 electrode 17 electrode 18 electr. 19 electr. 20 brightness (%) 
red O O V V V 50 
green O V O V V 50 
blue O V V O V 50 
white O V V V O 50 
black O V V V V O 

brightness is a significant improvement with respect to a 
configuration with 3 parallel pixels, where the maximum 
brightness is limited to 33%. 

0047. In a similar fashion, one can obtain a green pixel 
with a maximum brightness of 50% and a blue pixel with a 
maximum brightness of 50%. A Summary of the voltages 
applied to the electrodes and the maximum brightness for 
each of the primary colors, black and white is given in Table 
1. 

0052 AS in the previous example, the color ordering can 
be altered if necessary. Also for example a high brightness 
white state, reflecting 100% can be achieved when the black 
absorber 16 is replaced by a white reflector and the oil layer 
at the top of sub-pixel B is black. However, in this configu 
ration, no Satisfactory black State can be obtained, due to the 
contribution of Sub-pixel A which is either in a colored or a 
white state. This however reduces the contrast obtained. 
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EXAMPLE 3 

Subtractive Color Display 
0053 Alternatively as shown in FIG. 7 subtractive colors 
may be used. If two oil-layers 5 inside each sub-pixel are 
used one primary color per Sub-pixel can be achieved. If a 
fixed Subtractive color filter 21 is provided on top, a major 
improvement of the display performance is obtained. The 
pixel shown in FIG. 7 consists of three sub-pixels A, B and 
C. In each of the sub-pixels the order of the subtractive 
colors alternates, i.e. M(agenta), C(yan), Y(ellow) for Sub 
pixel A, C(yan), Y(ellow), M(agenta), for sub-pixel B and 
Y(ellow), M(agenta), C(yan) for sub-pixel C. 
0054. It is now possible to make each of the primary 
colors in at least two of the Sub-pixels. For instance in 
Sub-pixel A, the magenta color filter part 21M absorbs green 
and the (switchable) yellow bottom oil layer 5Y absorbs 
blue. If the top cyan oil layer 5C, which absorbs red is 
Switched to a transparent State, the red light is reflected by 
the white background layer (reflector 22) and Sub-pixel A 
will appear red. 
0055. In a similar way sub-pixel C will appear red by 
Switching the bottom oil layer 5C to a transparent state. For 
sub-pixel B, the cyan color filter 21C absorbs red and if none 
of the oil layers 5Y, 5M in B are switched to the transparent 
state will the sub-pixel B will appear black. Since the 
Sub-pixels are Sufficiently Small the human eye does not 
distinguish the individual responses and the total pixel will 
appear red with a maximum brightness of 67%. Other colors 
can be obtained in a similar fashion. A Summary of the colors 
and the corresponding Voltage States are given in Table 3. 

TABLE 3 

May 19, 2005 

tion and driving. The Single electrical contact to the liquid 
can then be made externally. The other reference numerals 
have the same meaning as those in FIG. 4. 
0058. The invention resides in each and every novel 
characteristic feature and each and every combination of 
characteristic features. Reference numerals in the claims do 
not limit their protective scope. Use of the verb “to com 
prise' and its conjugations does not exclude the presence of 
elements other than those stated in the claims. Use of the 
article “a” or “an' preceding an element does not exclude the 
presence of a plurality of Such elements. 

1. A display device comprising picture elements having a 
first fluid and at least one second fluid immiscible with each 
other within a Space between a first Support plate and a 
Second Support plate, the first fluid being electroconductive 
or polar, the device comprising means for creating at least 
two different states, in which one of the fluids in a first state 
adjoins at least the first Support plate and in the Second State 
the other fluid at least partly adjoins the first Support plate. 

2. A display device according to claim 1 in which a picture 
element corresponds to a defined space and in the Second 
state the other fluid substantially completely adjoins the first 
Support plate. 

3. A display device according to claim 1, the device 
comprising means for creating within a picture element an 
inhomogeneous electric field at the Surface of the part of the 
first Support plate. 

4. A display device according to claim 3 in which a 
dielectric layer between an electrode and a Surface layer of 
the part of the first Support plate varies in thickness. 

Voltages on electrodes 

Color electr. 12 electr. 32 electr. 33 electr. 34 electr. 35 electr. 36 

red O O O V V O 
green O O V O O O 
blue O V O O O V 
white O V V V V V 
black O O O O O O 

0056. The protective scope of the invention is not limited 
to the embodiments described. For instance the layer 6 may 
be chosen to be scattering (by using a Solution of TiO2) or 
reflective (by using a Solution of a Suitable pigment). Driv 
ing Voltages may also be capacitively coupled to the elec 
trodes, especially capacitive coupling to electrodes 12 pre 
vents degradation of the fluid 5. One or more reservoirs may 
be incorporated for overflow or supply of fluid(s) if fluid 
Volumes in the reservoirs change due to temperature, pres 
Sure or otherwise. 

0057 FIG. 8 finally shows an embodiment in which the 
pixel walls 13 do not extend across the whole pixel thick 
ness. It appears that the oil film 5 is very stable, which is 
enhanced even further as the pixel Size decreases. So during 
Switching the oil remains confined in each area providing the 
wall is not less than twice the height of the off-state oil film 
thickness. This means that a common channel can be 
employed for the fluid 6, which simplifies display fabrica 

brightness 
electr. 37 (%) 

O 67 
V 67 
O 67 
V 67 
O O 

5. A display device according to claim 3 in which a 
dielectric layer between an electrode and the Surface of the 
part of the first Support plate has a varying dielectric 
COnStant. 

6. A display device according to claim 1, the device within 
a picture element having a varying wettability at the Surface 
of the part of the first Support plate or a varying thickness of 
the first fluid layer. 

7. A display device according to claim 1 in which a picture 
element corresponds to a defined Space and in the first State 
a first fluid layer substantially completely adjoins both 
Support plates. 

8. A display device according to claim 1 in which a picture 
element corresponds to a defined Space having a wall part 
dividing the Space into at least two Sub-picture elements, in 
the first State a further fluid layer adjoining the first Support 
plate at least partly within both Sub-picture elements. 
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9. A display device according to claim 8 in which the first 
fluid layer and the further fluid layer have different colors. 

10. A display device according to claim 2 in which in the 
second state at least one of the first fluid layer and the further 
fluid layer adjoins a wall part of the Space. 

11. A display device according to claim 10 which com 
prises means to prevent part of the first fluid layer and the 
further fluid layer to intermix in the second state. 

12. A display device according to claim 1 which com 
prises driving means to obtain intermediate States. 

13. A display device according to claim 1 which com 
prises an absorber or a reflector at the side of the first 
Substrate. 

14. A display device according to claim 2 in which the 
other layer is a Scattering or an absorbing layer. 
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15. A display device according to claim 2 in which the 
other layer is common to Several picture elements. 

16. A display device according to claim 1 which com 
prises a color filter. 

17. A diffusing device having a first fluid and at least one 
Second fluid immiscible with each other and confined in a 
Space between a first Support plate and a Second Support 
plate, the first fluid being electroconductive or polar, the 
device comprising means for creating at least two different 
States, in which one of the fluids in a first State adjoins at 
least the first Support plate and in the Second State the other 
fluid at least partly adjoins the first Support plate. 


